Cd 3 As 2 is a three-dimensional topological Dirac semimetal with connected Fermi-arc surface states. It has been suggested that topological superconductivity can be achieved in the nontrivial surface states of topological materials by utilizing the superconductor proximity effect.
A three-dimensional topological Dirac semimetal has symmetry-protected linear energy dispersions in all three momentum directions giving rise to many unusual properties and phenomena [1] [2] [3] . One of the exciting theoretical predictions is the existence of connected Fermi-arc states on the surfaces of a Dirac semimetal [1] [2] [3] . It has been predicted that topological superconductivity [4, 5] can be achieved by coupling nontrivial surface states, for example, through the so-called proximity effect to conventional superconductors [6] . Such topological superconductivity may harbor Majorana zero modes, which are potential building blocks for topological quantum computation [7] . Among many known Dirac semimetals, Cd 3 As 2 [3] has uniquely useful properties: it is air stable, and it can be readily grown by vapor transport [8] , pulsed laser deposition [9] , and more recently molecular beam epitaxy [10] . Thus, Cd 3 As 2 is a particulary promising material for topological quantum computation applications.
Since the discovery of Cd 3 As 2 as a stable Dirac semimetal [3, 11, 12, 8] , multiple approaches have been used to realize topological superconductivity [13] in this material. In initial efforts about two years ago, two groups using point contact technique, reported tentative evidence of unconventional superconductivity in Cd 3 As 2 [14, 15] . However, in these studies, the hallmark of superconductivity, a zero-resistance state, was not observed. Later, by using the high-pressure technique, superconductivity and the zero-resistance state were achieved [16] . Yet, further x-ray diffraction (XRD) analysis showed that the pressure induced superconducting transition was accompanied by a structure transition [16, 17] . Thus, it is not clear whether the induced superconductivity is topological.
On the other hand, because the surface states in Cd 3 As 2 are similar to those of topological insulators, topological superconductivity can also be achieved in Cd 3 As 2 through the proximity effect that couples its surface states to an s-wave Josephson junction [6, 18] . The induced pairing in the surface states gives rise to topologically protected gapless Andreev bound states, i.e., Majorana zero modes, whose energies vary 4π periodically with the superconducting phase difference across the junction [19] [20] [21] [22] [23] [24] . This 4π periodicity, which can be manifested in the a.c.
Josephson effect via missing odd integer Shapiro steps, has been regarded as a compelling experimental signature of realizing topological superconductivity [20] [21] [22] [23] [24] . In addition, the induced pairing in the coexisting bulk states can lead to normal superconductivity, with a 2π period Josephson effect. The interference between the surface topological superconductor and bulk normal superconductor can further produce a π period Josephson effect, which can be revealed by the appearance of half-integer steps in the a.c. Josephson effect [see the Supplemental Material (SM) for details].
In this Letter, we report the observation of superconducting supercurrent states in aluminumCd 3 As 2 -aluminum Josephson junctions. The most important outcome of these experiments is that both π and 4π periodic supercurrent states are clearly observed. Complementary theoretical modeling by a resistively shunted junction model [25] [26] [27] suggests that the π period is due to interference of the induced bulk superconductivity and the induced Fermi-arc surface superconductivity, whereas the 4π period is expected in a topological superconductor [19] [20] [21] [22] [23] .
Taken together, our results provide compelling evidence that we have achieved Fermi-arc topological superconductivity in the Dirac semimetal Cd 3 As 2 .
The Cd 3 As 2 polycrystalline ingots used in this study were purchased from a commercial source. Our detailed XRD analysis (Fig. S1 in the SM) shows that the ingots only contain a single-phase of Cd 3 As 2 . The extracted lattice constants are a = 1.2680(2) nm and c = 2.5308 (6) nm, consistent with both recent reports [28] [29] [30] 17] and ICDD powder-diffraction-file data [31] .
We note that reported lattice constants vary slightly with each group suggesting that the various forms of Cd 3 As 2 currently in use (polycrystalline powders, polycrystalline ingots, and single crystals) have subtly different residual-strain states, stoichiometries, or defect contents. In the Supplemental Material (SM) [25] , we also show the 2D pole figures for a Cd 3 As 2 ingot (Fig. S2) sampled from the batch used in our transport studies. As discussed in the SM, the pole-figure data indicates that the Cd 3 As 2 ingots used in the present work consist of randomly oriented, large-grain polycrystals. The large grain size and random orientation necessitated use of specialized, area-detector-based diffraction methods in order to reliably verify the Cd 3 As 2 phase and to characterize its orientation distribution; details of these methods are separately reported by Rodriguez et al [32] .
The mechanical exfoliation method is used to obtain Cd 3 As 2 thin flakes from the initial ingot materials (see SM [25] ). We note that deformation during the exfoliation may introduce crystal defects beyond those of the initial polycrystalline ingot. In preparing our Cd 3 As 2 devices, we always choose the most flat and shiny flakes for sample fabrication. In [44] . This π period, as we will argue later, is very likely due to the interference between the bulk superconductivity and the surface conductivity in our junction device.
The a.c. Josephson effect is studied by measuring the I-V characteristics with microwave radiation of varying frequencies and powers. We caution here that the microwave power we quote in the manuscript is the value measured at room temperature external to our cryostat. Since microwave loss in the semi-rigid coax cable connecting to our low-temperature experimental setup is frequency dependent, the exact microwave power delivered at the device level differs from the external measurements. Figure 3a shows I-V curves measured at a microwave frequency of f = 6.5 GHz, with the junction temperature held at 200 mK. Shapiro steps are clearly visible at V dc = Nhf/2e (where N is an integer) that relates to the 2π period supercurrent. As the microwave frequency is increased to a higher value, for example, f = 10.5 GHz, extra steps start to appear at half-integers when microwave power is increased. For example, in the blue trace of Fig. 3b with a low irradiation power of P = -3 dBm, the Shapiro steps occur at N = 1, 2, 3… When the irradiation power increases to 2 dBm as in the green trace, fractional Shapiro steps emerge at half-integers, i.e., V dc = Nhf/4e. Half-integer steps are also observed at other high frequencies.
Half-integer Shapiro steps have been occasionally observed before [44] [45] [46] [47] [48] [49] in superconducting quantum interference devices (SQUID). In a SQUID, the supercurrent bifurcates into the two paths of the ring and interferes after the recombination. The interference pattern strongly depends on the phase difference between the two paths as well as the selfinductance of the ring. Because of the coexistence of bulk-state and surface-state channels in the Dirac semimetal, our Josephson junction can be viewed effectively as a SQUID with bulksurface interference, as shown in Fig. 4 . As such, our device can naturally be described by a resistively shunted junction model [25, 26] . Following the perturbative analysis in Ref. [27] , the current in shunted parallel junctions may be written (see the SM for details):
, 0 is an initial constant, Φ 0 the magnetic flux quantum, the phase difference between the bulk and surface channels, and is the -th order Bessel function. As futher discussed in the SM, this model indicates that the π-period most likely arises from a sizable self-inductance in the junction and a spontaneous phase difference (close to π)
between the induced bulk and surface superconductivity that give rise to the pronounced halfinteger steps. More detailed microscopic simulations are under development and will be dedicated to a separate publication.
One of the hallmarks of topological superconductivity is the existence of a 4π-period supercurrent in a Josephson junction, as a consequence of the formation of topologically protected gapless Andreev bound states whose energies vary 4π periodically with the superconducting phase differences across the junction [19] [20] [21] [22] [23] . This 4π period can be manifested either in the Fraunhofer pattern (which as already noted, we cannot access) or in a.c. Josephson effect via missing odd integer Shapiro steps (for which we probed further). In Figure 3c , we show I-V curves taken at f = 3 GHz. Similar to previous works [50, 51] , the disappearance of the first (N = ±1) Shapiro steps is observed at relatively low frequencies in our sample. At relatively high frequencies, the N = ±1 steps reappear, as shown in Fig, 3a . Also, consistent with previous works [44, 45] , only the N=±1 steps disappear. Other odd steps, N = ±3, 5, etc. remain visible at all of the frequencies studied in this work. The observed disappearance of the N=±1 steps at lower frequencies suggests the realization of a topological surface superconductivity.
In summary, we fabricated superconductor-Cd 3 As 2 -superconductor junctions out of are the surface (bulk) inductance, resistance, and current.
